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Abstract The lithofacies palaeogeography of the Late Permian Wujiaping Age in Middle 
and Upper Yangtze Region was studied based on petrography and the “single factor analysis 
and multifactor comprehensive mapping” method. The Upper Permian Wujiaping Stage in 
the Middle and Upper Yangtze Region is mainly composed of carbonate rocks and clastic 
rocks, with lesser amounts of siliceous rocks, pyroclastic rocks, volcanic rocks and coal. The 
rocks can be divided into three types, including clastic rock, clastic rock-limestone and lime-
stone-siliceous rock, and four fundamental ecological types and four fossil assemblages are 
recognized in the Wujiaping Stage. Based on a petrological and palaeoecological study, six 
single factors were selected, namely, thickness (m), content (%) of marine rocks, content (%) 
of shallow water carbonate rocks, content (%) of biograins with limemud, content (%) of thin-
bedded siliceous rocks and content (%) of deep water sedimentary rocks. Six single factors 
maps of the Wujiaping Stage and one lithofacies palaeogeography map of the Wujiaping Age 
were composed. Palaeogeographic units from west to east include an eroded area, an alluvial 
plain, a clastic rock platform, a carbonate rock platform where biocrowds developed, a slope 
and a basin. In addition, a clastic rock platform exists in the southeast of the study area. Hydro-
carbon source rock and reservoir conditions were preliminarily analyzed based on lithofacies 
palaeogeography. Sedimentary environments have obvious controls over the development of 
the resource rocks. With regard to the abundance of organic matter, the hydrocarbon poten-
tial of the coastal swamp environment is the best, followed by the basin environment and the 
carbonate rock platform. The gas reservoir types of the Wujiaping Stage can be classified as 
conventional and unconventional gas reservoirs, like coal bed gas and shale gas; all of them 
have well exploration prospects.
Key words Middle and Upper Yangtze Region, Permian, Wujiaping Stage, lithofacies 
palaeogeography, single factor analysis
1 Introduction*
Lithofacies palaeogeography plays an important role 
in the prospecting and exploration of mineral resources. 
* Corresponding author. E-mail: luojinxiong1980@126.com. 
 Received: 2014-04-08 Accepted: 2014-09-02
Hydrocarbon exploration shows that lithofacies palaeoge-
ography has an influence over the distribution of effective 
resource rock, reservoir and seal. Thus, lithofacies palaeo-
geography research is the basis of oil and gas exploration 
and exploitation.
Lithofacies palaeogeography mapping is the main task 
in the study of the lithofacies palaeogeography. In the 
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1970s, single factor analysis and multifactor comprehen-
sive mapping method was initiated (Feng, 1977), and the 
core of this method is the quantitative palaeogeographic 
map. Quantity here means that on the palaeogeographic 
map, the division and identification of each palaeogeo-
graphic unit are supported by the quantitative data and 
quantitative fundamental maps (Feng et al., 2014). Then, 
the quantitative lithofacies palaeogeography, which is 
an important discipline of palaeogeography was formed 
(Feng, 2009; and the references therein). In the 1990s, 
lithofacies palaeogeography which is guided by plate tec-
tonics theory and basin analysis principles (Liu and Xu, 
1994) was developed. And, with the introduction, devel-
opment and application of sequence stratigraphy, the se-
quence-based lithofacies palaeogeography maps emerged 
(Mou et al., 1992; Chen et al., 1999; Tian et al., 2004; Ma 
et al., 2009), which regards the system tract or relative se-
quence boundaries as the mapping unit (Tian et al., 2004). 
Several scholars also applied the single factor analysis and 
multifactor comprehensive mapping methods to sequence-
based lithofacies palaeogeography (Hu et al., 2010).
The lithofacies palaeogeography of the Permian in 
South China has been the focus of past research (Feng et 
al., 1988; Li and Liu, 1988; He et al., 1990; Feng et al., 
1993, 1997; Chen et al., 1999), with a major breakthrough 
in hydrocarbon exploration of the Permian in northeastern 
Sichuan Province (Ma et al., 2005a). Then research on the 
Permian in South China has been further strengthened, but 
almost all studies mainly placed emphasis on the Changx-
ing Stage (Mou et al., 2004; Ma et al., 2005b, 2006; 
Wang et al., 2011). The studies on the Wujiaping Stage 
are relatively rare (Tian et al., 2010). However, current ex-
ploration shows that the Wujiaping Stage also is a good 
hydrocarbon exploration prospect (Guo, 2011; Guo and 
Hu, 2011). Therefore, quantitative lithofacies palaeogeog-
raphy research on the Upper Permian Wujiaping Stage in 
the Middle and Upper Yangtze Region must be conducted.
Based on a petrological study and combined with the 
latest exploration achievements, the quantitative lithofa-
cies palaeogeography of the Late Permian Wujiaping Age 
in the Middle and Upper Yangtze Region was studied and 
mapped through single factor analysis and multifactor 
comprehensive mapping method in this paper.
2 Geological setting
Middle and Upper Yangtze Region in this study cov-
ers the provinces of Yunnan, Guizhou, Sichuan, Shaanxi, 
Hubei, Hunan and Jiangxi and Chongqing City, and ranges 
from the eastern longitude of 102° to 116° and from the 
northern latitude of 26° to 33° (Figure 1), which is ap-
proximately 500,000 km2. It extends to Baoxing-Guangy-
uan-Hanzhong in the northwest and to Hanzhong-Xiang-
yang-Jiujiang in the north. The range of the study area is 
almost equivalent to the Yangtze Block (Ma et al., 2004).
The Permian is widely distributed in the Middle and 
Upper Yangtze Region, with a thickness of 400 m to 800 
m. The Middle Permian Qixia Stage, Maokou Stage as 
well as the Upper Permian Wujiaping Stage and Changx-
ing Stage can be found by conducting a detailed investiga-
tion. The distribution of the Lower Permian is rather lim-
ited to Majiaoba of the Jiangyou County in northwestern 
Figure 1 Location of the Middle and Upper Yangtze Region.
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Sichuan (Li et al., 2005). The thickness of the Wujiaping 
Stage in the study area varies from less than 10 m to 388 
m. The Wujiaping Stage unconformably overlies the Ma-
okou Stage, whereas its contact to the overlying Changx-
ing Stage is conformable.
The Wujiaping Stage in the study area mainly includes 
the lower member of the Xuanwei Formation, Longtan 
Formation and Wujiaping Formation. The subdivisions 
and their correlation of the Wujiaping Stage in the study 
area are shown in Table 1.
3 Methodology
Quantitative methodology, namely, single factor analy-
sis and multifactor comprehensive mapping method, has 
matured over the practice of the past thirty years (Feng, 
1977, 1992, 2004, 2009), and has proven that this metho- 
dology is effective and plays a key role in quantitative 
lithofacies palaeogeography. The meaning of single factor 
(Feng, 2009; Feng et al., 2014) and the steps involved in 
the method (He et al., 2013; Feng et al., 2014) are well-
known.
In this paper, six single factors were selected. These 
factors include thickness (m), content (%) of marine rocks, 
content (%) of shallow water carbonate rocks, content (%) 
of biograins with limemud, content (%) of deep water sed-
imentary rocks and content (%) of thin-bedded siliceous 
rocks.
The outcrop sections were divided into three orders, 
and the well sections were divided into two orders. The 
first-order outcrop sections were measured by us and all 
quantitative and qualitative data from the sections are re-
liable. The second-order outcrop sections were reviewed 
or partially measured by us, and all quantitative data are 
basically reliable. The third-order outcrop sections were 
measured and studied by previous researchers and were 
collected by us, these sections have a simple lithologic de-
scription and contain minimal quantitative data, in which 
only the thickness data are reliable. The first-order well 
sections were reviewed by us via the original logging data; 
in addition, we studied drill cores and thin sections under 
the microscope; all of these quantitative and qualitative 
data are reliable. The second-order well sections were re-
viewed by us also via the original logging data, the thick-
ness data of which are reliable; but the other data can only 
be used as references. In this research, 17 first-order out-
crop sections, 74 second-order outcrop sections, 207 third-
order outcrop sections, 27 first-order well sections and 44 
second-order well sections were selected.
The core of the quantitative methodology is quantita-
tive, and its foothold is the quantitative single factor data 
of each section, such as the Daxiakou section of Xingshan 
in western Hubei (Luo et al., 2009) and the Songkan sec-
tion of Tongzi in Guizhou (Luo et al., 2013).
4 Petrological and palaeontological 
characteristics
4.1 Rocks
The Wujiaping Stage is well developed and well ex-
posed in the study area and consisits of carbonate rocks, 
clastic rocks, siliceous rocks, pyroclastic rocks, volcanic 
rocks and coal. In these rock types, the carbonate rocks are 
dominant. Carbonate rocks are mostly limestones. Based 
on the structure, composition and origin, the rock types 
of the Wujiaping Stage in the study area can be further 
divided (Table 2).
4.2  Stratigraphy
The rocks of the Wujiaping Stage can be divided into 
three types, namely, clastic rocks, clastic rocks-carbonate 
Table 1 Correlation of the Wujiaping Stage in the Middle and Upper Yangtze Region
Stratigraphy
Sandaohe,
Muchuan,
Sichuan
Wangjiazhai,
Shuicheng,
Guizhou
Changjianggou,
Guangyuan,
Sichuan
Songkan, 
Tongzi, 
Guizhou
Lishihe, 
Xuanhan, 
Sichuan
Guniuping,
Jianshi,
Hubei
Daxiakou, 
Xingshan, 
Hubei
Dashuigou,
Zhushan,
Hubei
Beiting, 
Ruichang, 
Jiangxi
Upper 
Per-
mian
Changxing
Stage Xuanwei
Fm.
Wangjiazhai
Fm.
Dalong
Fm.
Changxing
Fm.
Changxing
Fm.
Dalong
Fm.
Changxing
Fm.
Dalong
Fm.
Dalong
Fm.
Wujiaping
Stage
Longtan
Fm.
Wujiaping
Fm.
Longtan
Fm.
Wujiaping
Fm.
Wujiaping
Fm.
Wujiaping
Fm.
Wujiaping
Fm.
Wujiaping
Fm.
Middle Permian
Maokou Stage
Maokou
Fm.
Maokou
Fm.
Maokou
Fm.
Maokou
Fm.
Maokou
Fm.
Maokou
Fm.
Maokou
Fm.
Maokou
Fm.
Maokou
Fm.
Fm. = Formation; the same below.
387Vol. 3  No. 4
Jin-Xiong Luo et al.: Lithofacies palaeogeography of the Late Permian Wujiaping 
Age in the Middle and Upper Yangtze Region, China
rocks and limestone-siliceous rocks. The lower part of 
the Xuanwei Formation is composed of continental coal-
bearing clastic rocks (Figure 2a), the Longtan Formation is 
dominated by marine-continental transition facies (Figure 
2b), and the Wujiaping Formation is dominated by marine 
clastic rocks (Figure 2c). The Wujiaping Formation in 
the central study area is dominated by medium- to thick-
bedded massive limestone (Figure 2d, 2e), and it in the 
northern study area and western Hubei is dominated by 
thin- to medium-bedded limestone and thin-bedded sili-
ceous rocks (Figure 2f).
The Xuanwei Formation is mainly developed in the 
Yingjing-Yanjin-Yiliang area from the eastern Yunnan 
Province to the western Sichuan Province. The lower 
member of this formation is equivalent to the Wujiaping 
Stage, which is referred to as the “Shawan Formation” in 
Leshan area. The lithology is dominated by sandstones 
and mudstones intercalated with coal of continental fa-
cies. The number of coal layers is more than 30, but the 
coal layers are generally thin. Some conglomerates and 
siltstones are also developed. The plant fossil Gigantop‑
teris occurs, while marine animal fossils can be found 
occasionally.
The Longtan Formation is distributed in the western 
Guizhou Province and the central Sichuan Province. It rep-
resents the strata of alternating marine-continental facies 
and is dominated by clastic rocks intercalated with coal 
and limestones. More specifically, the Longtan Formation 
is the coal-bearing stratum composed of sandstones, silt-
stones, mudstones intercalated with coal seams and lime-
stones; and the amount of limestones gradually increases 
to the east. Then the Longtan Formation transforms to the 
Wujiaping Formation. To the west, limestones decrease 
gradually and peter out. This formation is characterized by 
Gigantopteris, Ullmannia, Codonofusiella and Reichelina. 
The thickness of the formation is stable and generally var-
ies from 100 m to 200 m. It thins from southeast to north-
west.
The study area, except for the above-mentioned areas, 
is the extent of the Wujiaping Formation. It is character-
ized by Codonofusiella, Reichelina and Liangshanophyl‑
lum. It can be divided into two members: the lower clastic 
rock member and the limestone member. The lower clas-
tic rocks are composed of sandstone, siltstone, mudstone 
(shale) intercalated with coal seams and marlite. Hematite 
and bauxite also can be found. Plant fossils such as Gi‑
gantopteris, Lepidodendron and brachiopod fossils such as 
Martinia, Oldhamina also exist in this member. The thick-
ness of the clastic rocks member varies from several me-
ters to dozens of centimeters and even to zero (Figure 2e). 
The limestones member is composed of a set of grey to 
dark grey thick-bedded limestone and bioclastic limestons 
with small amount of nodular, lump-shaped and banded si-
liceous rocks. Grey thin-bedded siliceous rocks, siliceous 
shale and claystone (mudstone and shale) are well-deve- 
loped in Daba Mountain and western Hunan Province and 
Hubei Province. Siliceous shale has also developed toward 
the north of Nanzhang-Jingshan and Nanjiang-Wang-
cang areas. Ammonoid fossil such as Pseudogastrioceras, 
Anderssonoceras are commonly found in the thin-bedded 
siliceous rocks. The thickness of the Wujiaping Formation 
generally varies from 40 m to 300 m.
Table 2 Rock types and distribution of the Wujiaping Stage in the Middle and Upper Yangtze Region
Rock types Stratigraphy
Carbonate rock
Limestone Bioclastic limestoneBioclastic-bearing limestone limestone Mainly in Wujiaping Fm., partly in Longtan Fm.
Dolostone Calcite dolostone Wujiaping Fm.
Clastic rock
Conglomerate
Sandstone
Siltstone
Mudstone (shale)
Xuanwei Fm., Longtan Fm.
Xuanwei Fm., Longtan Fm.
Xuanwei Fm., Longtan Fm.
Xuanwei Fm., Longtan Fm., Wujiaping Fm.
Siliceous rock Thin-bedded siliceous rockNodular, aggregate, banding siliceous rock Wujiaping Fm.
Pyroclastic rock Tuff Xuanwei Fm., Longtan Fm.
Volcanic rock Basalt Xuanwei Fm., Longtan Fm., Wujiaping Fm.
Coal Xuanwei Fm., Longtan Fm., Wujiaping Fm.
Gravity flow limestone Wujiaping Fm. (in Cili area)
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Figure 2 Lithologic sections of the Wujiaping Stage in the Middle and Upper Yangtze Region. a, b, c, e, f-Field outcrop sections; 
d-Well section. a-after Yang et al. (1986).
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4.3 Fosslis
In sedimentary environment analysis, the study of fos-
sils is a very important aspect, especially for the carbon-
ate rocks, because the formation of the carbonate rock 
is affected by biology directly or indirectly (Flügel, 
2004). The fossils of the Wujiaping Stage in the study 
area are relatively abundant. These fossils include algae, 
foraminifera, brachiopods, corals, echinoderms, gastro-
pods, bivalves, ostracods, bryozoans, trilobites, ammo-
nites and higher plants, were mostly accumulated in situ. 
Higher plant fossils, which belong to the Gigantopteris 
Flora, are an important mark of continental facies. Four 
fundamental ecological types, namely, marine-benthos, 
swimming, zooplankton and terrestrial plants, existed in 
the study area. Four fossil assemblages, namely, plants, 
plant and marine fossils, algal-foraminifera-brachio-
pod, and ammonite-radiolarian-sponge specula, were 
distinguished. The relationship between fossil assem-
blages and sedimentary environments in the study area 
is shown in Table 3.
5 Single factor maps
Thickness (m), contents (%) of marine rocks, content 
(%) of shallow water carbonate rocks, content (%) of bio-
clasts with limemud, content (%) of deep-water sedimen-
tary rocks and content (%) of thin-bedded siliceous rocks 
are selected in this paper as single factors for discuss. The 
content (%) of bioclasts with sparry calcite cement and the 
distribution of reefs (He et al., 2013) were not selected be-
cause the biograins with sparry calcite cement and reefs of 
the Wujiaping Stage were undeveloped in the Middle and 
Upper Yangtze Region. The corresponding isoline maps 
were composed based on the comprehensive analysis of 
the selected single factors.
5.1  Isoline map of thickness (m)
The thickness of a stratigraphic interval in an area 
mainly reflects the tectonic framework of the area during 
sedimentation of the interval, namely, the palaeotectonic 
setting such as relative uplift and subsidence.
According to the thickness (m) data of 369 sections (17 
first-order outcrop sections, 74 second-order outcrop sec-
tions, 207 third-order outcrop sections, 27 first-order well 
sections and 44 second-order well sections), the isoline 
map of thickness of the Wujiaping Stage in the Middle and 
Upper Yangtze Region has been complied (Figure 2). The 
representative section and points are marked on the map 
(Table 4, Figure 3).
From Figure 3, it can be seen:
1) The area of zero thickness is located in the utmost 
western area, i.e., to the west Zhaojue. The surrounding 
strata gradually thin towards the area and become zero 
gradually. Thus this area was an eroded area and did not 
receive sediments during the Wujiaping Age. It was an 
area of “sedimentary zero”.
2) The stratal thickness is quite large in the southwest 
area (>150 m in general). The thicknesses of section 92 
and section 94 are both >400m.
3) In the central western study region, the stratal thick-
ness is relatively thin, ranging from 100 m to 150 m.
4) In Hanzhong-Nanjing-Kaixian area, the stratal 
thickness is rather large, ranging from 100 m to 350 m.
5) The stratal thickness is less than 50 m in the north-
east area, i.e., the areas of Xixiang-Chengkou-Wuxi-
Nanzhang-Huangshi, western Hubei and northern Hunan.
6) There are some areas with relatively large thickness 
Table 3 The fossil assemblages of the Wujiaping Stage in the Middle and Upper Yangtze Region
Fossil
 assemblages Rock types Distribution areas
Sedimentary 
environments
Algal-
foraminiferal-
brachiopod
Medium- to thick-bedded massive 
limestone
Wujiaping Fm. in Sichuan-Shaanxi-Chongqing-
Hunan-Guizhou area and Xingshan-Jingzhou-Xiushui 
area
Carbonate 
rock platform
Ammonite-
radiolarian-
sponge spicule
Thin-bedded siliceous rock, siliceous 
mudstone (shale), mudstone (shale), 
thin-bedded limestone
Wujiaping Fm. in the northern study region, western 
Hubei and Wangcang-Nanjiang area in northwestern 
Sichuan
Slope; basin
Plant and 
marine fossils
Higher plants are distributed in ter-
rigenous clastic rock; marine fossils 
are distributed in limestone
Longtan Fm. in central Sichuan, western Guizhou and 
Ruichang-Xiushui area
Clastic rock 
platform
Plants Terrigenous clastic rock Lower part of the Xuanwei Fm. in Yingjing-Yanjin-Liupanshui area Alluvial fan
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in northwestern Sichuan (section 2) and eastern Hubei 
(section 57).
5.2  Isoline map of content (%) of marine rocks
The marine rocks of the Wujiaping Stage in the Middle 
and Upper Yangtze Region are mainly composed of lime-
stones, dolostones and siliceous rocks. Siliciclastic rocks 
are either continental or marine. 
According to the content (%) data of marine rocks of 
185 sections (15 first-order outcrop sections, 58 second-
order outcrop sections, 78 third-order outcrop sections, 
23 first-order well sections and 11 second-order well sec-
tions), the isoline map of content (%) of marine rocks of 
the Wujiaping Stage in the Middle and Upper Yangtze Re-
gion has been completed (Table 5, Figure 4).
From Figure 4, it can be seen:
1) An area with zero content of marine rocks exists in 
the western part of the map and is distributed in a near-
ly N-S trending zone in Yingjing-Zhaojue-Xuanwei, 
where the zero isoline is along the line of Yingjing-Ren-
shou-Xingwen-Gulin-Zhenxiong. However, there is no 
area with zero content of marine rocks in the southeastern 
study area.
2) In the western study area, the content of marine rocks 
increases to 25% gradually, whereas the content changes 
rapidly from 25% to 75%. In the southeastern study area, 
the content of marine rocks increases more rapidly from 
25% to 75%. 
5.3  Isoline map of content (%) of shallow water 
carbonate rocks
The carbonate rocks of the Wujiaping Stage in the 
study area can be divided into two types, one is developed 
in the shallow water carbonate rock platform, the other 
is in the deep water basin and slope. Their lithological 
features and biological fossils are significantly different. 
Shallow water carbonate rocks mainly refer to the me-
dium- to thick-bedded and massive limestone, in which 
bioclasts are rather abundant. And the fossil assemblage 
of shallow water carbonate rocks is algal-foraminiferal-
brachiopod and that of the deep water basin and slope 
is ammonite-radiolarian-sponge spicule (Table 3). The 
area with a content of shallow water carbonate rocks 
which is more than 50% is defined as carbonate rock 
platform in this paper.
According to the content (%) data of shallow water 
carbonate rocks of 211 sections (17 first-order outcrop 
sections, 68 second-order outcrop sections, 89 third-
order outcrop sections, 25 first-order well sections and 12 
second-order well sections), the isoline map of content (%) 
of shallow water carbonate rocks of the Wujiaping Stage 
in the Middle and Upper Yangtze Region was composed 
(Table 6, Figure 5). 
Shallow water carbonate rocks are mainly distributed 
in the central, eastern and northwestern parts of the study 
area, and these areas are connected and integrated into a 
single area in which the content (%) of the shallow water 
carbonate rocks is >50% (Figure 5). The western boundary 
of this combined area is along the line of Baoxing-
Guangyuan-Kaijiang-Liangping-Yanhe-Xifeng-
Guiyang. The southeastern boundary is along the line of 
Changsha-Xiushui-Ruichang, and the northern boundary 
is along the line of Chengkou-Jianshi-Lichuan-Cili-
Wuxi-Nanzhang-Wuhan-Huangshi.
5.4  Isoline map of content (%) of biograins with 
limemud
Most of the biograins of the Wujiaping Stage in the 
Middle and Upper Yangtze Region were not transported 
and eroded; they were formed, inherited, disintegrated, ac-
cumulated and buried in the same water body with low 
energy. Thus, they coexisted with limemud. Miscellane-
ous grain size, no erosion phenomena and autochthonous 
burial are the main characteristics of the biograins of the 
Wujiaping Stage in the study area (Figure 6). The accumu-
lation of the marine biograins in the Wujiaping Formation 
of several areas can not reflect high energy water, and it 
can only reflect that during the Wujiaping Age, these areas 
were favorable for these organisms to live, to breed, and 
to be preserved.
The environments where the biograins were enriched 
can be defined as biocrowds. In this paper, the area with 
Table 4 Thickness (m) data of the Wujiaping Stage in the Middle and Upper Yangtze Region
No. Locality Thickness No. Locality Thickness
1 Sichuan Lixian Riluogou <15 49 Hunan Cili Renshixi 71.52
2 Sichuan Pengshui Xiaoyudong 370 50 Hunan Zhangjiajie Yangjiaxi 12.5
3 Sichuan Guangyuan Changjianggou 28.69 51 Hubei Dangyang Well Dangshen 3 29
4 Sichuan Jiangyou Pingshang 103.21 52 Hubei Jiayu Well Paican 1 27
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No. Locality Thickness No. Locality Thickness
5 Sichuan Beichuan Tongkou 82.21 53 Hunan Linxiang Huanggaihu 69.4
6 Sichuan Mianzhu Longwangmiao 5.88 54 Hubei Huangshi Luosike 42.93
7 Sichuan Zitong Laoguanmiao Key Well 22 55 Jiangxi Ruichang Beiting 41.8
8 Shaanxi Mianxian 252.6 56 Hubei Tongshan Xinqiao 18.9
9 Shaanxi Hanzhong Xujiaya 86.2 57 Hubei Chongyang Changling 271
10 Shaanxi Ningqiang Shiyangzhan 73 58 Jiangxi Xiushui Qingshuiyan 97.22
11 Shaanxi Zhenba 20 59 Sichuan Mabian Waheikou 40
12 Sichuan Nanjiang Hongxing 368 60 Yunnan Zhaojue Niuba 0
13 Sichuan Wangcang Shuanghui 54.8 61 Sichuan Yongshan Muganhe 78
14 Sichuan Cangxi Well Long 4 103.5 62 Sichuan Jinyang Rikujiao 0
15 Sichuan Tongjiang Well Heba 6 47.5 63 Yunnan Zhaotong Xiajiezi 108.1
16 Sichuan Xuanhan Well Puguang 3 >175 64 Yunnan Puge Xiluo 4.2
17 Sichuan Quxian Well Shuishen 1 82 65 Sichuan Nanxi Well Song 17 107
18 Sichuan Wanyuan Tongziliang 61.1 66 Sichuan Suijiang Xiangshuituo 163.5
19 Sichuan Xuanhan Lishihe 216.43 67 Guizhou Chishui Well Tai 13 96
20 Chongqing Wuxi Jianshan 286.25 68 Sichuan Gongxian Bojixia 338
21 Hubei Zhushan Dashuigou 24.2 69 Sichuan Xuyong Dashu 140.8
22 Hubei Nanzhang Changjiawa 65.3 70 Guizhou Shuicheng Well Dawan P19-4 236.87
23 Hubei Nanzhang Zhuping 21.73 71 Guizhou Dafang Huangjin 52
24 Hubei Badong Songziyuan 166.2 72 Guizhou Bijie Qingchan 179
25 Hubei Xingshan Daxiakou 40.79 73 Guizhou Weining Yangjie 79
26 Sichuan Chongqing Wenjinjiang 63 74 Guizhou Dafang Xinyan 207
27 Sichuan Lushan Linpan 77.4 75 Guizhou Tongzi Songkan 54.33
28 Sichuan Daxing Well Dashen 1 82.5 76 Guizhou Wuchuan Anshan 162.8
29 Sichuan Tianquan Yuquanting 1.8 77 Guizhou Gulin Tiesuoqiao 79.93
30 Sichuan E’bian Zhongping 91 78 Guizhou Suiyang Muba 91
31 Sichuan TongnanWell Moshen 1 166 79 Guizhou Zunyi Yeli 107.8
32 Sichuan Renshou Well You 1 101.5 80 Guizhou Shimo Daijiaba 135.7
33 Sichuan Zigong Well Zishen 1 122 81 Guizhou Weng’an Muyincao 154
34 Chongqing Zhongxian Well Baxiang 1 136 82 Chongqing Xiushan Rongxi 86.59
35 Sichuan Dianjiang Well Zhang 14 174 83 Guizhou Yinjiang Luoxingxi 74
36 Sichuan Huayingshan Liziya 104.8 84 Hunan Ruanling Longyantou 86.3
37 Chongqing Fuling Well Tan 1 110.5 85 Hunan Chenxi Zhonghuopu 100.71
38 Chongqing Yongchuan Well Lin 25 107 86 Hunan Lianyuan Qixingjie 59.57
39 Chongqing Wulong Jiangkou 143.22 87 Hunan Ningxiang Meitanba 89.03
40 Chongqing Yunyang Well Qi 2 205 88 Yunnan Huize Wuxingchang 3
41 Hubei Jianshi Guniuping 71.73 89 Guizhou Shuicheng Caojiaying 273
42 Hubei Lichuan Well Jianshen 1 101 90 Yunnan Xuanwei Fangmaping 122
43 Hubei Lichuan Wushukong 37.04 91 Yunnan Shuicheng Jichang 307
44 Hubei Lichuan Huangnitang 146.8 92 Guizhou Puding Dayao 416.9
45 Chongqing Qianjiang Shuinichang 95 93 Guizhou Qingzhen Lindai 279
46 Hubei Zigui Baimaling 64.2 94 Guizhou Fuquan Bainitian 400.8
47 Hubei Changyang Jinjiaao 281.99 95 Guizhou Guiding Yingzhai 284.3
48 Hunan Lixian Yangershan 41 96 Hunan Tianzhu Leidayan 251.9
Table 4, continued
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Figure 3 Isoline map of thickness (m) of the Wujiaping Stage in the Middle and Upper Yangtze Region.
Table 5 Content (%) of marine rocks of the Wujiaping Stage in the Middle and Upper Yangtze Region
No. Locality Content No. Locality Content
1 Shaanxi Hanzhong Liangshan 100 39 Hubei Jiayu Well Paishen 1 96.49
2 Sichuan Guangyuan Changjianggou 91.36 40 Hubei Linxiang Huanggaihu 100
3 Sichan Beichuan Tongkou 97.3 41 Hubei Huangshi Luosike 100
4 Sichuan Zitong Laoguanmiao Key Well 75.1 42 Jiangxi Ruichang Beiting 80.38
5 Sichuan Wangcang Shuanghui 100 43 Jiangxi Xiushui Qingshuiyan 100
6 Sichuan Tongjiang Well Heba 1 100 44 Sichuan Meigu Liuhong 0
7 Sichuan Xuanhan Well Huanglong 5 100 45 Sichuan Hejiang Well Rong 3 20.5
8 Sichuan Quxian Well Shuishen 1 >56 46 Sichuan Suijiang Xiangshuituo 0
9 Sichuan Dazhou Well Ting 2 70.95 47 Sichuan Xingwen Gusong 0
10 Sichuan Xuanhan Lishihe 100 48 Sichuan Gulin Sandaoshui 12.9
11 Chongqing Wuxi Jianshan 100 49 Sichuan Junlian Shiziba 0
12 Hubei Zhushan Dashuigou 100 50 Guizhou Bijie Yanzikou 0
13 Hubei Nanzhang Changjiawa 100 51 Guizhou Bijie Qingchang 14
14 Hubei Nanzhang Shipaigou 91.2 52 Guizhou Hezhang Liuqu 0
15 Hubei Xingshan Daxiakou 100 53 Chongqing Wansheng Taozidang 9.45
16 Sichuan Dayi Dafeishui 76.9 54 Guizhou Zhengan Anchang 98.1
17 Sichuan Lushan Linpan 65 55 Guizhou Tongzi Heishixi 100
18 Sichuan Daxing Well Dashen 1 0 56 Guizhou Zunyi Dingcun 55
19 Sichuan Tianquan Yuquanting 0 57 Guizhou Zunyi Tuanxi 51.17
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No. Locality Content No. Locality Content
20 Sichuan E’bian Zhongping 0 58 Guizhou Dafang Gamu 45.46
21 Sichuan Renshou Well You 1 15.5 59 Guizhou Xifeng Duoduoba 51
22 Sichuan Weiyuan Key Well 10.9 60 Guizhou Weng’an Muyincao 94.4
23 Sichuan Guang’an Well Guangshen 1 >63 61 Chongqing Xiushan Rongxi 100
24 Chongqing Liangping Well Liang 5 73.78 62 Guizhou Shiqian Wuguxi 98.6
25 Sichuan Wusheng Longnüsi Key Well 11.1 63 Hunan Zhenxi Zhonghuopu 100
26 Sichuan Huayingshan Liziya 91 64 Hunan Lianyuan Qixingjie 23.28
27 Chongqing Beibei Wenxingchang 83.1 65 Hunan Ningxiang Meitanba 100
28 Chongqing Fuling Yuelaichang 72.2 66 Jiangxi Shanggao Qibaoshan 82
29 Chongqing Banan Well Ba 13 71.4 67 Guizhou Weining Biwu 0
30 Hubei Jianshi Guniuping 96.4 68 Guizhou Zhijin Yanbeihou 27
31 Chongqing Wanzhou Well Longjuba 4 65.06 69 Yunnan Xuanwei Fangmaping 0
32 Hubei Lichuan Huangnitang 100 70 Guizhou Puding Dayao 29.8
33 Chongqing Shizhu Lengshuixi 89.3 71 Guizhou Anshun Jiaozishan 81
34 Hubei Laifeng Paomuping 100 72 Guizhou Qingzhen Liuchang 25.42
35 Hubei Changyang Ziqiu 100 73 Guizhou Guiyang Taiciqiao 87
36 Hubei Songzi Xianqiao 100 74 Guizhou Majiang Xianchang 100
37 Hunan Cili Renshixi 100 75 Hunan Tianzhu Leidayan 100
38 Hubei Dangyang Well Dangshen 3 100
Table 5, continued
Figure 4 Isoline map of marine rock content (%) of the Wujiaping Stage in the Middle and Upper Yangtze Region.
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Table 6 Content (%) of shallow water carbonate rocks of the Wujiaping Stage in the Middle and Upper Yangtze Region
No. Locality Content No. Locality Content
1 Shaanxi Hanzhong Liangshan 99 49 Hubei Xianfeng Huangjindong 64.9
2 Sichuan Guangyuan Changjianggou 91.36 50 Chongqing Fengdu Huilongchang <68.6
3 Sichuan Beichuan Tongkou 88.3 51 Hubei Xuan’en Gaoluo 73.7
4 Sichuan Mianzhu Gaoqiao 87.3 52 Chongqing Pengshui Xiaoyudong 61.7
5 Sichuan Zitong Laoguanmiao Key Well 50.8 53 Hubei Laifeng Paomuping 89.59
6 Shaanxi Ningqiang Erlangba 100 54 Hubei Yuan’an Yangjiatang 97.21
7 Shaanxi Ningqiang Shiyangzhan 100 55 Hubei Badong Lücongpo 3.36
8 Shaanxi Zhenba Jianchiba 100 56 Hubei Changyang Ziqiu 73.94
9 Sichuan Nanjiang Qiaoting 97.6 57 Hubei Jianshi Guankoudian <17.79
10 Sichuan Wangcang Shuanghui 35.77 58 Hubei Songzi Xianqiao 100
11 Sichuan Cangxi Well Long 4 46.2 59 Hunan Sangzhi Rencunping 77
12 Sichuan Tongjiang Well Heba 1 64.21 60 Hunan Cili Renshixi 0
13 Sichuan Xuanhan Well Puguang 5 50.76 61 Hubei Jingshan Yihe 83
14 Sichuan Xuanhan Well Huanglong 5 100 62 Hubei Dangyang Well Dangshen 3 94.8
15 Sichuan Quxian Well Shuishen 1 56.1 63 Hubei Jiayu Well Paishen 1 89.5
16 Sichuan Wanyuan Tongziliang 91.2 64 Hubei Chongyang Jiucailing 80.62
17 Sichuan Xuanhan Lishihe 87.17 65 Hubei Huangshi Luosike 44.49
18 Chongqing Wuxi Jianshan 99.77 66 Jiangxi Ruichang Beiting 80.38
19 Chongqing Wuxi Mendong 100 67 Hubei Tongshan Xinqiao 83.4
20 Hubei Zhushan Dashuigou 0 68 Jiangxi Ruichang Hepingshan 0
21 Hubei Nanzhang Changjiawa 0 69 Jiangxi Xiushui Qingshuiyan 56.3
22 Hubei Baokang Beifengpo 77 70 Sichuan Meigu Liuhong 0
23 Hubei Nanzhang Shipaigou 89.5 71 Sichuan Yiliang Honggou 0
24 Chongqing Wushan Miaotang 100 72 Sichuan Hejiang Well Rong 3 0
25 Hubei Xingshan Daxiakou 100 73 Sichuan Gongxian Dashuigou 0
26 Hubei Zhongxiang Yunwushan 65.37 74 Sichuan Gulin Yandiwan 0
27 Sichuan Dayi Dafeishui 26.9 75 Guizhou Bijie Qingchang 0.89
28 Sichuan Daxing Well Dashen 1 0 76 Guizhou Qianxi Wodi 0
29 Sichuan Tianquan Yuquanting 0 77 Guizhou Daozhen Zhoujiapo 76.6
30 Sichuan E’bian Zhongping 0 78 Guizhou Zhengan Anchang 49.3
31 Sichuan Tongnan Well Moshen 1 7.5 79 Guizhou Tongzi Songkan 0
32 Sichuan Renshou Well You 1 1.5 80 Guizhou Renhuai Shihuiyao 0
33 Sichuan Longchang Well Long 10 0 81 Guizhou Shiqian Daijiaba 33.2
34 Sichuan Guang’an Well Guangshen 1 30.7 82 Guizhou Zunyi Tuanxi 0
35 Sichuan Dazhu Well Cheng 28 68.12 83 Guizhou Yanhe Siqu 81.7
36 Chongqing Zhongxian Well Baxiang 1 74.3 84 Chongqing Xiushan Rongxi 52.7
37 Sichuan Huayingshan Liziya 0 85 Guizhou Sinan Dujiayan 65
38 C hongqing Dianjiang Well Wo 48 78.5 86 Guizhou Shiqian Niaoguxi 43.9
39 Chongqing Beibei Wenxingchang 23.5 87 Hunan Yuanling Longyantou 97.3
40 Chongqing Fuling Yuelaichang 79.9 88 Hunan Lianyuan Qixingjie 0
41 Chongqing Fuling Well Tan 1 6.3 89 Jiangxi Shanggao Qibaoshan 17.9
42 Chongqing Wulong Yangjiaoqi 83.6 90 Guizhou Weining Biwu 0
43 Chongqing Wulong Jiangkou 74.8 91 Guizhou Zhijin Yanbeihou 8.1
44 Chongqing Nanchuan Dapuzi 18.4 92 Guizhou Qingzhen Liuchang 1.51
45 Chongqing Yunyang Well Qi 2 60.6 93 Guizhou Guiding Wenjiangsi 77.2
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No. Locality Content No. Locality Content
46 Hubei Jiangshi Guniuping 58.05 94 Guizhou Pingba Fenghuan 27.4
47 Hubei Lichuan Well Jian 45 83.2 95 Guizhou Majiang Xianchang 67.95
48 Hubei Lichuan Huangnitang <20 96 Guizhou Jianhe Nanming 97.7
Table 6, continued
Figure 5 Isoline map of content (%) of shallow water carbonate rocks of the Wujiaping Stage in the Middle and Upper Yangtze 
Region.
Figure 6 Photomicrographs of biograins from the Upper Permian Wujiaping Stage in the Middle and Upper Yangtze Region. a-Codi‑ 
aceae, plane polarized light, the Wujiaping Formation at the Daxiaokou section of Xingshan County in Hubei Province; b-Crinoidea, 
plane polarized light, the Wujiaping Formation at the Changjianggou section of Guangyuan City in Sichuan Province.
a b
0.5 mm 0.5 mm
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biograin content ≥30% in the carbonate rock platform is 
defined as a biocrowd.
According to the content (%) data of biograins with 
limemud of 67 sections (16 first-order outcrop sections, 24 
second-order outcrop sections, 20 third-order outcrop sec-
tions, 5 first-order well sections and 2 second-order well 
sections), the isoline map of content (%) of biograins with 
limemud of the Wujiaping Stage in the Middle and Upper 
Yangtze Region was composed (Table 7, Figure 7).
From Figure 7, it can be seen:
1) Overall, the content of biograins with limemud in the 
Wujiaping Stage is relatively low; the content in most of 
the study area is less than 10%.
2) There are eleven sections in which the biograin con-
tent is ≥30%. They are sections 2, 3, 9, 10, 14, 18, 22, 
25, 40, 49 and 55. Although the content of the section 25 
is >30%, it cannot be defined as a biocrowd because the 
content of the shallow water carbonate rocks in the section 
25 is <50%; thus, it does not belong to the carbonate rock 
platform.
5.5  Isoline map of content (%) of deep water sedi-
mentary rocks
The deep water sedimentary rocks of the Wujiaping 
Stage in the study area mainly consist of thin-bedded sili-
ceous rocks, siliceous mudstone (shale), dark medium- to 
thin-bedded micritic limestones, and mudstones (shale), 
which are the products of slope and basin environments. 
The fossils consist of ammonites, radiolarians, brachio-
pods and bivalves with small bodies, sponge spicules, and 
so on. The fossil assemblage is ammonite-radiolarian-
sponge spicule.
Table 7 Content (%) data of biograins with limemud of the Wujiaping Stage in the Middle and Upper Yangtze Region
No. Locality Content No. Locality Content
1 Sichuan Guangyuan Chaotian 16.41 28 Hubei Lichuan Huangnitang 18
2 Sichuan Guangyuan Changjianggou 44.17 29 Chongqing Shizhu Lengshuixi 9.3
3 Sichuan Beichuan Tongkou 51.7 30 Hubei Lichuan Dadong 10±
4 Sichuan Mianzhu Wangjiaping 22.8 31 Hubei Xianfeng Huangjindong 10±
5 Sichuan WangCang Shuanghui 19.24 32 Hubei Xuanen Mahuping <10
6 Sichuan Nanjiang Qiaoting 22 33 Hubei Xuanen Xiaoguan 17.5
7 Shaanxi Zhenba Jianchiba 11.2 34 Chongqing Pengshui Xiaoyudong 27
8 Sichuan Wanyuan Tongziliang <10 35 Hubei Laifeng Paomuping 10±
9 Sichuan Xuanhan Lishihe 33.03 36 Hunan Cili Renshixi 19.23
10 Chongqing Kaixian Honghua 34 37 Hunan Sangzhi Hongshaxi <10
11 Chongqing Wuxi Jianshan 24.57 38 Hubei Jiayu Well Paishen 1 <10
12 Chongqing Wuxi Mendong 5.8 39 Hubei Huangshi Luosike <30
13 Hubei Zhushan Dashuigou 0 40 Jiangxi Ruichang Beiting 34.8
14 Hubei Xingshan Daxiakou 41.96 41 Sichuan Mabian Waheikou 0
15 Sichuan Tianquan Yuquanting 0 42 Sichuan Meigu Liuhong 0
16 Sichuan Emei Longmendong 0 43 Sichuan Hejiang Well Rong 3 0
17 Sichuan Weiyuan Key Well 0 44 Sichuan Xingwen Chuanyan 0
18 Chongqing Liangping Well Liangxiang 1 31.4 45 Sichuan Gulin Yandiwan 0
19 Sichuan Wusheng Longnüsi Key Well 0.6 46 Guizhou Tongzi Songkan 0
20 Sichuan Huayingshan Liziya 4.1 47 Guizhou Xishui Tuheba 0
21 Chongqing Beipei Wenxingchang 1.2 48 Guizhou Tongzi Sidu 0
22 Chongqing Fuling Yuelaichang 32.2 49 Hunan Chenxi Zhonghuopu 37.32
23 Chongqing Banan Well Ba 13 0.7 50 Guizhou Zhijin Yanbeihou 0
24 Hubei Jianshi Guniuping 4.6 51 Guizhou Shuicheng Niuchang 0
25 Hubei Lichuan Jiantianba 35.7 52 Guizhou Shuicheng Jichang 0
26 Hubei Lichuan Well Jian 3 12 53 Guizhou Guiding Wenjiangsi 62.2
27 Hubei Enshi Wushukong <10 54 Guizhou Pingba Fenghuang <10
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Figure 7 Isoline map of content (%) of biograins with limemud of the Wujiaping Stage in the Middle and Upper Yangtze Region.
According to the content (%) data of deep water sedi-
mentary rocks of 189 sections (17 first-order outcrop sec-
tions, 66 second-order outcrop sections, 83 third-order 
outcrop sections and 19 first-order well sections, 4 sec-
ond-order well sections), the isoline map of content (%) 
of deep water sedimentary rocks of the Wujiaping Stage 
in the Middle and Upper Yangtze Region was composed 
(Table 8, Figure 8). 
From Figure 8, it can be seen that the deep water sedi-
mentary rocks are mainly distributed in the area of Cheng-
kou-Nanzhang-Wuhan-Huangshi and western Hubei 
Province; and the content of these two areas is >65%. The 
contents of deep water sedimentary rocks at Shuanghui of 
Wangcang County and Qiaoting of Nanjiang County are 
also rather high (43.87% and 51.3%, respectively). The 
maximum content in the area of Wangcang-Nanjiang is 
probably more than 65%. The content in the other sites in 
the study area is less than 10% or even zero. The content 
of deep water sedimentary rocks in these areas increases 
gradually from 0 to 100% and increases relatively fast 
from 35% to 65%. The slope or transition zone and basin 
can be determined according to the content of deep water 
sedimentary rocks.
5.6  Isoline map of content (%) of thin-bedded 
siliceous rocks
The thin-bedded siliceous rocks whose color is gener-
ally dark grey-grey black-black are mainly distributed 
in the Wujiaping Formation in the northern study region 
and the western Hubei Province. Thin-bedded siliceous 
rocks often develop with mudstone (or shale) and siliceous 
mudstone (or shale), and constitute a rhythmic stratifica-
tion. Sometimes thin-bedded siliceous rocks also coex-
ist with thin- to medium-bedded limestones or lenticular 
limestones. The common fossils that develop in the thin-
bedded siliceous rocks are ammonites and radiolarians. 
Thus, the siliceous rocks were the product of a deep-water 
anoxic sedimentary environment (Luo and He, 2011). 
According to the content (%) data of thin-bedded si-
liceous rocks of 182 sections (16 first-order outcrop sec-
tions, 60 second-order outcrop sections, 77 third-order 
outcrop sections, and 23 first-order well sections and 6 
second-order well sections), the isoline map of content 
(%) of thin-bedded siliceous rocks of the Wujiaping Stage 
in the Middle and Upper Yangtze Region was composed 
(Table 9, Figure 9).
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Table 8 Content (%) of deep water rocks of the Wujiaping Stage in the Middle and Upper Yangtze Region
No. Locality Content No. Locality Content
1 Shaanxi Hanzhong Liangshan 0 37 Chongqing Pengshui Xiaoyudong 22.6
2 Sichuan Guangyuan Changjianggou 0 38 Hubei Laifeng Paomuping 0
3 Sichuan Beichuan Tongkou 0 39 Hubei Badong Lücongpo 0
4 Sichuan Zitong Laoguanmiao Key Well 0 40 Hubei Zigui Baimaling 79.4
5 Shaanxi Xixiang Yankou 0 41 Hubei Changyang Ziqiu 9.15
6 Sichuan Wangcang Shuanghui 43.87 42 Hubei Xuandu Niejiahe 0
7 Sichuan Nanjiang Qiaoting 51.3 43 Hubei Jianshi Guandiankou 82.21
8 Shaanxi Zhenba Jianchiba 0 44 Hunan Lixian Huolianpo 0
9 Sichuan Xuhan Well Huanglong 5 0 45 Hunan Cili Renshixi 100
10 Sichuan Wanyuan Tongziliang 0 46 Hubei Jingshan Yihe 0
11 Sichuan Xuanhan Lishihe 5.74 47 Hubei Dangyang Well Dangshen 3 0
12 Chongqing Wuxi Jianshan 0 48 Hubei Jiayu Well Paishen 1 0
13 Chongqing Wuxi Xianrui 21.7 49 Hubei Daye Well Ye 5 0
14 Chongqing Wuxi Mendong 9.9 50 Hubei Yangxin Taizimiao 0
15 Hubei Zhushan Dashuigou 75 51 Jiangxi Ruichang Beiting 0
16 Hubei Nanzhang Changjiawa 100 52 Hubei Chongyang Changling 4.31
17 Hubei Baokang Beifengpo 0 53 Jiangxi Xiushui Qingshuiyan 32.9
18 Hubei Nanzhang Shipaigou 0 54 Sichuan Meigu Liuhong 0
19 Chongqing Wushan Miaotang 0 55 Sichuan HejiangWell Rong 3 0
20 Hubei Xingshan Daxiakou 0 56 Sichuan Xingwen Chuanyan 0
21 Hubei Zhongxiang Yunwushan 65.4 57 Yunnan Yanjin 0
22 Sichuan Dayi Dafeishui 0 58 Guizhou Bijie Yanzikou 0
23 Sichuan Leshan Shawan 0 59 Guizhou Tongzi Songkan 0
24 Sichuan Renshou Well You 1 0 60 Guizhou Renhuai Shihuiyao 0
25 Sichuan Dazhu Well Cheng 28 0 61 Guizhou Zunyi Tuanxi 0
26 Sichuan Wusheng Longnüsi Key Well 0 62 Guizhou Dafang Gamu 0
27 Chongqing Beibei Wenxingchang 0 63 Chongqing Xiushan Rongxi 0
28 Hubei Jianshi Guniuping 38.2 64 Guizhou Shiqian Wuguxi 20.8
29 Hubei Enshi Mufu 52.9 65 Hunan Chenxi Zhonghuopu 0
30 Hubei Lichuan Well Jian 45 0 66 Hunan Lianyuan Qixingjie 0
31 Chongqing Shizhu Meqing 53.9 67 Guizhou Weining Biwu 0
32 Hubei Lichuan Huangnitang 80 68 Guizhou Shuicheng Niuchang 0
33 Hubei Xuan’en Mahuping 50.9 69 Guizhou Pingba Fenghuang 0
34 Hubei Xuan’en Xiaoguan 0 70 Guizhou Guiding Wenjiangsi 3.5
35 Chongqing Fengdu Huilongchang 31.4 71 Guizhou Tianzhu Leidayan 0
36 Hubei Xuan’en Zhongjiaping 0
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Figure 8 Isoline map of content (%) of deep water rocks of the Wujiaping Stage in the Middle and Upper Yangtze Region.
Table 9 Content (%) of thin-bedded siliceous rocks of the Wujiaping Stage in the Middle and Upper Yangtze Region
No. Locality Content No. Locality Content
1 Shaanxi Hanzhong Liangshan 3.1 34 Chongqing Shizhu Lengshuixi 27.9
2 Sichuan Guangyuan Changjianggou 0 35 Hubei Lichuan Dadong 8.7
3 Sichuan Beichuan Tongkou 0 36 Hubei Xuan’en Zhongjiaping 0
4 Sichuan Mianzhu Gaoqiao 0.8 37 Hubei Changyang Ziqiu 9.15
5 Sichuan Zitong Laoguanmiao Key Well 0 38 Hubei Jianshi Guandiankou 46.9
6 Sichuan Cangwang Shuanghui 0 39 Hubei Yidu Songmuping 14.4
7 Sichuan Tongjiang Well Heba 1 0 40 Hunan Shimen Yangjiaping 47.1
8 Sichuan Xuanhan Well Huanglong 5 0 41 Hunan Cili Renshixi 31.8
9 Shaanxi Xixiang Muzhuba 0 42 Hubei Jingshan Yihe 0
10 Sichuan Wanyuan Tongziliang 0 43 Hubei Dangyang Well Dangshen 3 0
11 Sichuan Xuanhan Lishihe 2.6 44 Hubei Jiayu Well Paishen 1 0
12 Chongqing Wuxi Jianshan 0 45 Hubei Daye Well Ye 5 0
13 Chongqing Wuxi Mendong 0 46 Hubei Huangshi Luosike 0
14 Hubei Zhushan Dashuigou 0 47 Hubei Puqi Guantangyi 3.7
15 Hubei Nanzhang Changjiawa 0 48 Jiangxi Ruichang Beiting 6.94
16 Hubei Nanzhang Shipaigou 0 49 Jiangxi Xiushui Qingshuiyan 24.5
17 Hubei Xingshan Daxiakou 0 50 Sichuan Mabian Waheikou 0
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No. Locality Content No. Locality Content
18 Hubei Jingmen Yejichi 51.31 51 Sichuan Meigu Liuhong 0
19 Sichuan Dayi Dafeishui 0 52 Sichuan Hejiang Well Rong 3 0
20 Sichuan Tianquan Yuquanting 0 53 Sichuan Hongxian Dashuigou 0
21 Sichuan E’bian Zhongping 0 54 Guizhou Bijie Yanzikou 0
22 Sichuan Renshou Well You 1 0 55 Guizhou Dafang Wodi 0
23 Sichuan Zigong Well Zishen 1 0 56 Guizhou Zheng’an Anchang 0
24 Sichuan Dazhu Well Cheng 28 0 57 Guizhou Tongzi Songkan 0
25 Sichuan Wusheng Longnüsi Key Well 0 58 Guizhou Zunyi Shizipu 10.6
26 Sichuan Huayingshan Liziya 20 59 Guizhou Zunyi Shangji 18.86
27 Chongqing Banan Well Ba 13 0 60 Chongqing Xiushan Rongxi 0
28 Chongqing Wulong Jiangkou 21.5 61 Guizhou Shiqian Wuguxi 13.8
29 Hubei Jianshi Guniuping 31.03 62 Hunan Chenxi Zhonghuopu 7.3
30 Chongqing Wanzhou Well Longjuba 4 0 63 Hunan Lianyuan Qixingjie 0
31 Hubei Lichuan Jiantianba 8.8 64 Guizhou Weining Biwu 0
32 Hubei Lichuan Huangnitang 25.9 65 Guizhou Guiding Wenjiangsi 2.1
33 Hubei Xuan’en Mahuping 50.9 66 Guizhou Tianzhu Leidayan 0.6
Table 9, continued
Figure 9 Isoline map of content (%) of thin-bedded siliceous rocks of the Wujiaping Stage in the Middle and Upper Yangtze Region.
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From Figure 9, it can be seen:
1) The thin-bedded siliceous rocks are mainly located 
in the areas with relatively low thickness, including the 
area of Chengkou-Xiangyang-Wuhan-Huangshi and 
the area of Jianshi-Cili. The content of the thin-bedded 
siliceous rocks is usually between 10% and 40%, whereas 
the content is more than 50% locally (such as section 18 
and section 33). Compared with the distribution of deep 
water sedimentary rocks, the distribution of thin-bedded 
siliceous rocks is of a smaller range.
2) The content of thin-bedded siliceous rocks in nine 
sections is between 10% and 30%. They are sections 26, 
28, 32, 34, 49, 50, 58, 59 and 61.
3) Except for the areas mentioned above, the content of 
the thin-bedded siliceous rocks is less than 10% or even 
zero in other regions of the study area.
6 Multifactor comprehensive mapping
Superposing the above single factor maps and compre-
hensively analyzing them, especially according to some 
key isolines, a quantitative lithofacies palaeogeographic 
map of the Late Permian Wujiaping Age in the Middle and 
Upper Yangtze Region can be composed (Figure 10).
According to the isoline map of thickness (m) of the 
Wujiaping Stage (Figure 3), the area with the zero thick-
ness is defined as an eroded area, i.e., the eroded area of 
Kangdian Land.
According to the isoline map of marine rock content 
(%) of the Wujiaping Stage (Figure 4), the area with zero 
content of marine rocks can be defined as land, i.e., Kang-
dian Land; and the rest is defined as sea. The area between 
the eroded area and the sea is considered as alluvial plain, 
i.e., western Sichuan-eastern Yunnan Alluvial Plain.
In the sea, the areas with deep water sedimentary rock 
content ≥65% are defined as basins according to the 
isoline map of content (%) of deep water sedimentary 
rocks (Figure 8). The areas with deep water sedimentary 
rock content between 35% and 65% are defined as slope 
(or transision zone); in the other areas of the sea, those 
with shallow water carbonate rock content ≥50% are 
defined as carbonate rock platform, i.e., Middle and 
Upper Yangtze Carbonate Rock Platform, according to 
the isoline map of shallow water carbonate rock content 
(%) (Figure 5). The areas with shallow water carbonate 
rock content <50%, namely, with the shallow water clastic 
rock content ≥50% (because the contents of the shallow 
water carbonate rocks and the shallow water clastic rocks 
have an inverse relationship), are defined as clastic rock 
platforms, i.e., Sichuan-Guizhou Clastic Rock Platform 
and Southeastern Clastic Rock Platform. The Sichuan-
Guizhou Clastic Rock Platform is located between Kang-
dian Land and the Middle and Upper Yangtze Carbonate 
Rock Platform. The Southeastern Clastic Rock Platform is 
located in the southeastern study area.
In the Middle and Upper Yangtze Carbonate Rock Plat-
form, the areas of the content of biograins with limemud 
≥30% are defined as biocrows according to the isoline 
map of content (%) of biograins with limemud (Figure 7). 
And eight biocrowds are identified.
In the basin, the areas with thin-bedded siliceous rock 
content ≥50% are defined as siliceous basins according 
to the isoline map of content (%) of thin-bedded siliceous 
rocks (Figure 9). The content of thin-bedded siliceous 
rocks in section 18 is more than 50% in Figure 9.
The quantitative lithofacies palaeogeographic map of 
the Late Permian Wujiaping Age in the Middle and Upper 
Yangtze Region (Figure 10) was composed step by step 
based on the single factor maps studied above.
The palaeogeographic units of this lithofacies palaeo-
geographic map will be discussed in the following section.
7 Discussions of palaeogeographic 
units
The main palaeogeographic units distribute from south-
west to northeast as follows: Kangdian Land (including 
Eastern Yunan Eroded Area and Western Sichuan-Eastern 
Yunnan Alluvial Plain), Sichuan-Guizhou Clastic Rock 
Platform, Middle and Upper Yangtze Carbonate Rock 
Platform, Western Hubei Slope, Western Hubei Basin, 
Northern Slope and Northern Basin. In addition, a transi-
tion zone and a basin exist in the area of Wangcang-Nan-
jiang, and another clastic rock platform developed in the 
southeastern part of the study area. Several secondary pal-
aeogeographic units, such as biocrowds, also developed in 
the carbonate rock platform (Figure 10).
7.1 Kangdian Land
There is only one land, i.e., Kangdian Land, which 
locates in the western part of the study area, and consists 
of Eastern Yunnan Eroded Area and Western Sichuan-
Eastern Yunnan Alluvial Plain.
Eastern Yunnan Eroded Area locates to the west of 
Zhaojue. This eroded area is small, and its eastern side is 
the Western Sichuan-Eastern Yunnan Alluvial Plain.
Western Sichuan-Eastern Yunnan Alluvial Plain lo-
cates in the area of Yingjing-Leshan-Yanjin-Yiliang-
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Hezhang-Xuanwei, in a nearly N-S direction and is the 
main distribution area of the lower part of the Xuanwei 
Formation. The rock types of this alluvial plain are mainly 
grey-yellow sandstones, siltstones, mudstones and coal 
layers. The coal layer is relatively thin (Figure 2a, 2b) or 
the layer appears as a streak. Sometimes, conglomerates 
also can be found. Conglomerates were generally the prod-
uct of braided channels of fluvial fans and fluvial-channel 
lag deposits of meandering rivers. Medium and small cross 
beddings as well as parallel beddings can be found in sand-
stones and siltstones. Scour surface structures commonly 
develop at the bottom of the sandstones. Plant root fossils 
and siderite nodules can be found frequently in mudstones. 
The fossils of the alluvial plain are dominated by Gigan‑
topteris flora; Gigantopteris nicotianaefolia, Gigantono‑
clea guizhouensis, and Ullmannia are the common types. 
The alluvial plain mainly consists of alluvial fan deposits 
(Figure 11) and meandering river deposits (Figure 12).
7.2 Basin
The basins locate in the northern part of the study area, 
including the Western Hubei Basin and Northern Basin. 
The two basins are integrated into a single basin, which is 
mainly composed of thin-bedded siliceous rocks, siliceous 
shales, and thin- to medium-bedded micritic limestones 
(Figure 2d, 2f). Lenticular limestones can also be found 
(Figure 13). The main fossils in the basin are ammonites, 
small thin-shelled brachiopods and bivalves. Radiolarian 
and sponge spicules are also common. They form a fos-
sil assemblage of ammonite-radiolarian-sponge spicule. 
These features reflect an oxygen-deficient or anoxic deep 
water sedimentary environment.
The content of deep water sedimentary rocks in Wang-
cang-Nanjiang area in northwestern Sichuan Province 
may be more than 65%, and the sedimentary environment 
of this area should be an intra-platform basin referred to as 
the Wangcang-Nanjiang Basin.
There was a small siliceous basin which was located in 
the northern part of the study area, namely section 18 in 
Figure 9. Its main rocks are black thin-bedded siliceous 
rocks and shales with limestone interbeds. In this area, the 
content of thin-bedded siliceous rocks is more than 50%, 
and the content of the deep water sedimentary rocks is 
more than 65%.
Figure 10 Lithofacies palaeogeographic map of the Late Permian Wujiaping Age in the Middle and Upper Yangtze Region.
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Figure 11 Vertical sequence of the alluvial fan of the Upper Permian Xuanwei Formation at Sanshantang section in Zhaotong City, 
Yunnan Province (Modified from Wang et al., 1994).
Figure 12 Vertical sequence of the meandering river of the Upper Permian Longtan Formation at Chuanyan section in Xingwen 
County, Sichuan Province (Modified from Yang et al., 1986).
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7.3  Slope
The slopes locating along the integrated basin are 
called the Northern Slope and Western Hubei Slope. The 
two slopes are integrated into one single slope. Turbidity 
current deposits are developed in Renshixi, Cili County 
of Hunan Province. The rocks of this integrated slope 
are mainly thin- to medium-bedded limestones, siliceous 
shales and medium- to thick-bedded limestones, thin-bed-
ded siliceous rocks, and mudstones. Generally, the fossils 
are monotonous, and in low content.
In addition, there is a transition zone in Wangcang-
Nanjiang area. In this zone, the content of deep water 
sedimentary rocks may be between 35% and 65%. Its rock 
type and fossil assemblage are similar to the slope men-
tioned above. Given that no gravity flow deposits exist, the 
characteristic of slope is unclear. Thus, it is defined as the 
Wangcang-Nanjiang Transition Zone.
7.4  Platform
7.4.1 Clastic Rock Platform 
Two clastic rock platforms of the Wujiaping Age, i.e., 
Sichuan-Guizhou Clastic Rock Platform and Southeast-
ern Clastic Rock Platform, locate in the central western 
and the southeastern study area respectively (Figure 10). 
Sichuan-Guizhou Clastic Rock Platform locates between 
the Western Sichuan-Eastern Yunnan Alluvial Plain and 
the Middle and Upper Yangtze Carbonate Rock Platform. 
The Southeastern Clastic Rock Platform is adjacent to the 
Middle and Upper Carbonate Rock Platform. The clastic 
platform exhibits paralic deposition and is characterized 
by terrigenous clastic rocks and shallow water carbonate 
rocks. The content of the clastic rocks is more than 50% 
and that of the shallow water carbonates is less than 50% 
(Figure 2d).
The rock types of the clastic rock platforms are mainly 
terrigenous clastic rocks, including siltstones, mudstones, 
carbonaceous mudstones, litharenites, coal layers, a small 
amount of conglomerates, and medium- to thick-bedded 
limestones. The content of clastic rocks decreases gradual-
ly with the increasing content of carbonate rocks. Tidal flat 
deposits developed in the western clastic rock platform. 
The tidal flat mainly locates between the mean low water 
surface and the normal wave base; and a tidal channel de-
velops (Figure 14). A peat bog has also developed in the 
Figure 13 Field photo of lenticular limestones from the Upper Permian Wujiaping Formation at the Qiaosan section in Jingshan 
County, Hubei Province.
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tidal flat and has created many coal layers. The coal layers 
mainly distribute in the area of Liupanshui, Weixin and 
southern Sichuan Province, with a general thickness of 0.2 
m to 3 m and thinning eastwards.
Several common fossils, such as roots, stems, leaves of 
plants, brachiopods, bivalves and gastropods, can be found 
in the tidal flat deposits. Ichnofossils, mainly skolithos, are 
also common (Wang et al., 1994). Some delta deposits also 
exist in this platform, e.g., Zhuzang in Zhijin County of 
Guizhou Province (Wang et al., 1994).
Given that the clastic rock platform is adjacent to the 
carbonate platform, these two deposits are often interfin-
Figure 14 Vertical sequence of the tidal plat of the Upper Permian Longtan Formation in western Guizhou Province (Modified from 
Wang et al., 1994).
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gered with each other in the vertical direction (Figure 2d). 
This phenomenon shows that the boundary between these 
two deposits swings back and forth, and the swing range is 
wide. This phenomenon also indicates that the platform is 
flat. A slight change in terrigenous material supply and sea 
level would cause the boundary to swing widely.
7.4.2 Carbonate Rock Platform
The carbonate rock platform mainly locates in the 
northwestern, central, and eastern parts of the study area. 
These parts are integrated into one single carbonate rock 
platform which is named the Middle and Upper Yangtze 
Carbonate Rock Platform. And this carbonate rock plat-
form occupies nearly half of the study area.
The Middle and Upper Yangtze Carbonate Rock Plat-
form consists of grey to dark-grey medium- to thick-
bedded bioclastic limemud limestones as well as minor 
mudstones, shales, and siliceous rocks. The content of 
mudstones (or shales) increases towards the Southeastern 
Clastic Rock Platform, while the content of thin-bedded 
siliceous rocks increases towards the basin where the con-
tent of shallow water carbonate rocks is more than 50%.
7.5 Biocrowd
The term “biocrowd” was proposed by Prof. Zeng-
Zhao Feng (Feng et al., 1997). And in 2014, Prof. Feng 
made a detailed discussion on the meaning of biocrowd 
(Feng et al., 2014).
The typical biograins in a biocrowd have miscellane-
ous grain sizes, no erosion phenomena and autochthonous 
burial (Figure 6). The biograins were formed, deceased, 
disintegrated, accumulated and buried in the same water 
body with low energy, and therefore coexisted with lime-
mud. The accumulation of the marine biograins in a strati-
graphic unit of an area can not reflect the high energy of 
the water body that these grains experienced. It can only 
reflect that in a certain geological period, this area was fa-
vorable for these organisms to live, to breed, and to be 
preserved (Feng et al., 2014).
In this article, the area with biograin content ≥30% is 
defined as a biocrowd. Overall, the content of biograins 
of the Wujiaping Stage is not high; only eight biocrowds 
were generated in the carbonate rock platform.
The biograins consist of normal sea narrow salinity 
creatures, including red algae, green algae, nonfusulinid 
foraminifers, fusulinids, and brachiopods, and are charac-
terized by foraminifers and algae. Fusulinids are dominat-
ed by foraminifers, such as Codonofusiella and Reicheli‑
na. Most of them have a thick shell and complex internal 
structures and are spindle-shaped; the individual size is 
medium to large. Nonfusulinid foraminifera are domi-
nated by Textulavia; Nodosaria, Padangia and Tetrataxis 
are common. The algae include Mizzia, Permocalculus, 
Gymnocodium and Eogoniolina. In addition, several bio-
logical species coexist with fusulinids and algae, such as 
corals, brachiopods, bivalves, gastropods, crinoids and 
bryozoans.
8 Relationship between lithofacies pal-
aeogeography and oil and gas
There are important marine hydrocarbon-bearing strata 
in the Permian of South China, in which a quantity of hy-
drocarbon shows and hydrocarbon reservoirs can still be 
found at present. The hydrocarbon source and reservoir 
conditions were preliminarily analyzed based on the litho-
facies palaeogeography.
8.1 Hydrocarbon source rock conditions
Carbonate rocks, mudstones and coals are recognized 
as the hydrocarbon source rocks in the Permian of South 
China. The hydrocarbon source rocks of the Wujiaping 
Stage in the study area are mainly composed of dark car-
bonate rocks, thin-bedded siliceous rocks and dark shales 
of the Wujiaping Formation as well as coals and dark 
shales of the Longtan Formation. Although the hydrocar-
bon source rocks of the Wujiaping Stage are various, they 
exhibit strong heterogeneity (Tenger et al., 2010); thus, the 
high quality resource rocks are well developed locally.
The content of organic carbon is one of the important 
parameters in the analysis of hydrocarbon source rocks al-
though some scholars do not believe that it is a good index 
for measuring the hydrocarbon generating quantity (Dem-
bicki Jr., 2009). The analysis of the hydrocarbon content 
of 27 samples from the Wujiaping Stage in the study area 
shows that (1) the hydrocarbon samples in the coastal marsh 
environment are good-quality resource rocks, whose con-
tent is in the range of 3.45% to 70.8%, with a mean value 
of 29.18%; (2) the content of the hydrocarbon samples in 
the basin is in the range of 0.71% to 3.21%, with a mean 
value of 5.37%; and (3) the content of the hydrocarbon 
samples in the carbonate rock platform is in the range of 
0.07% to 11.79%, with a mean value of 1.49%. Three sam-
ples have high hydrocarbon content, namely, Jichang sec-
tion of Xuanhan County in Sichuan Province with 3.30%, 
Baiyangping section of Jianshi County in Hubei Province 
with 3.67%, and Xianqiao section of Songzi County in 
Hubei Province with 11.79%. Eliminating the effect of 
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these three high values, the mean value of the contents of 
the hydrocarbon samples in the carbonate rock platform 
is 0.39%. The sequence of the sedimentary environment 
according to the hydrocarbon content is in order of coastal 
marsh, basin and carbonate platform. This sequence indi-
cates that the environment does control the development 
of the hydrocarbon source rock.
Several studies have investigated the hydrocarbon 
source rock conditions of the thin-bedded siliceous rocks, 
and show that these rocks have quite high hydrocarbon 
generation potential (Li et al., 2009; He and Luo, 2010; 
Luo and He, 2011; He et al., 2013). The thin-bedded si-
liceous rocks of the Wujiaping Stage are well developed 
in the nouthern part of the study area and western Hubei. 
The content of a sample from the Jingshan area of Hubei is 
0.98%. The distribution area, thickness, and hydrocarbon 
content of the siliceous rocks in the Wujiaping Formation 
show that these rocks should be good resource rocks.
8.2 Reservoir conditions
Currently, the Wujiaping Formation of Well Yuanba 29 
in northwestern Sichuan yields a high gas production of 
135.9×104 m3 per day. This is a major breakthrough in the 
exploration of the Wujiaping Formation in Yuanba gasfield 
and reflects the good hydrocarbon accumulation condi-
tion and exploration potential of the Wujiaping Formatin 
(Guo, 2011; Guo and Hu, 2011). The palaeogeomorphol-
ogy formed by Dongwu Movement controls the distribu-
tion of lithofacies palaeogeography of the Late Permian 
in the Middle and Upper Yangtze Region; in the high 
geomorphology area, the organic banks of the carbonate 
platform of the Wujiaping Formation are well developed 
(Guo, 2011). Thus, the relative uplift area in the central 
part of the Middle and Upper Yangtze Region (Figure 2) is 
a favorable exploration area of the Wujiaping Formation.
The Upper Permian Longtan Formation in South China 
is the main coal-bearing stratum, in which the coal bed gas 
resources are distributed. Coal-bearing formation in the 
Middle and Upper Yangtze Region mainly develops in the 
clastic platform near the land (Tian et al., 2010). The Coal 
and coal bed gas resources are most abundant in eastern 
Yunnan-western Guizhou-southern Sichuan. Therefore, 
gas exploration of the Yunnan-Guizhou area should con-
sider coal bed gas as a main target.
Shale gas is a kind of unconventional natural gas that 
has undergone industrial exploration and development and 
has become a popular subject in oil and gas geology in 
recent years (Zhang et al., 2008). Broad, stable mudstones 
and shales exist in the Wujiaping and the Longtan For-
mations in the Middle and Upper Yangtze Region. They 
provide good geological conditions for shale gas accumu-
lation; for example, shale gas showings have been found 
in the Wujiaping Formation in the western Hubei-eastern 
Chongqing (Huang et al., 2011).
In conclusion, the Wujiaping Stage in the Middle and 
Upper Yangtze Region provides favorable conditions for 
accumulation and has various gas reservoir types. It also 
has good potential for exploration.
9 Conclusions
The Upper Permian Wujiaping Stage in the Upper 
and Middle Yangtze Region is well developed and well 
exposed. It is composed of diverse rock types, including 
carbonate rocks, clastic rocks, siliceous rocks, pyroclastic 
rocks, volcanic rocks and coals, with carbonate rocks and 
clastic rocks as the dominant components. The lithofacies 
assemblages of the Wujiaping Stage are clastic rock, clas-
tic rock-limestone and limestone-siliceous rock.
The fossils of the Upper Permian Wujiaping Formation 
in the Middle and Upper Yangtze Region are relatively 
abundant, and their species are numerous. Palaeontologic 
research is an important method to sedimentary environ-
ment analysis. Four fundamental ecological types, namely, 
marine benthos, swimming organisms, zooplankton, and 
terrestrial plants, were identified in the study area. Four 
fossil assemblages, namely, plant, plant and marine fossil, 
alga-foraminifer-brachiopod, and ammonite-radiolari-
an-sponge spicule were established. Each fossil assem-
blage represents a distinct sedimentary environment.
The lithofacies palaeogeography of the Upper Permian 
Wujiaping Stage in the Middle and Upper Yangtze Region 
was studied using the single factor analysis and multifac-
tor comprehensive mapping method. The distribution pat-
tern of palaeogeographic units is regular. The pattern is 
land (eroded area and alluvial plain), clastic rock platform, 
carbonate rock platform, slope and basin respectively from 
west to east. In addition, a clastic rock platform lies in the 
southeastern study area. Several secondary palaeogeo-
graphic units, such as biocrowds, are distinguished in the 
carbonate rock platform.
Combined with the related geochemical analysis, the 
hydrocarbon significance of the Upper Permian Wujiap-
ing stage in the Middle and Upper Yangtze Region were 
preliminarily discussed from the viewpoint of lithofacies 
palaeogeography. The sedimentary environment has an 
obvious influence on the development of resource rocks. 
The hydrocarbon condition in the coastal marsh environ-
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ment is the best, followed by the basin environment, and 
the carbonate platform environment is relatively poor. The 
gas reservoir types of the Wujiaping Stage in the study 
area are various, such as conventional natural gas and coal 
bed gas as well as shale gas. All of them have good explo-
ration prospects.
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